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(54) Biaxially oriented polyester film 

(57) The present invention provides a biaxially ori- 
ented polyester f ilm made of a polyester containing 0.01 
to 5% by weight of crossllnked polymer particles char- 
acterized by: 



(1) having a particle size distribution ratio (H of 1 .3 
to 3.5. 

(2) having an average particle diameter of 0.1 to 2 
Jim, 

(3) having a non-circularity of 3.4 or more, and 

(4) having a standard deviation of non-circularity, of 
at least 0.1 6. 



The polyester film of the present invention has a flat 
surface having a small number of large protuberances, 
excellent running property and excellent winding prop- 
erty, and can be produced economically The film has 
excellent properties for use as a base for various mag- 
netic recording media. 
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Description 

Background of the Invention 

5 [0001] The present invention relates to a biaxially oriented polyester film. More particularly, the present invention 
relates to a biaxially oriented polyester film which contains crosslinked polymer particles having a particular particle size 
distribution ratio, a particular average particle diameter and a particular shape and which has a flat film surface having 
a small number of large protuberances, excellent running property and excellent winding property. 
[0002] Biaxially oriented polyester films are in wide use in various applications such as magnetic tape, electric 

10 appliances, photographs, metallization, packaging and the like, owing to their excellent properties. Owing particularly to 
their high strength and elastic modulus, they are in wide use as a base film fbr a video tape, an audio tape, a computer 
tape, a floppy disK etc. 

[0003] With increasing demands fbr high-density recording and high quality in these application fiekls in recent 
years, a polyester film used as a base film is Increasingly required to have flat 8urface(s) while retaining running prop- 
15 erty. 

[0004] In order to improve the running property of a film, inert inorganic particles are added to a polyester to form 
fine protuberances derived from the particles on the film surtece at the time of film formation. Inert inorganic particles 
usually have a wide particle size distribution and contain coarse particles and must, therefore, be subjected to classifi- 
cation to remove the coarse particles, before the addition to the polyester. This classification, however, incurs increase 
20 in production costs, and the cost drastically increases as the classification is made to a higher degree). Moreover, the 
classification has a limit in narrowing the particle size distribution and it is unable to renix>ve the coarse particles com- 
pletely. 

[0005] Hence, researches have been made in recent years on industrial production of particles, particularly 
crosslinked polymer particles, containing no coarse particles and having uniform particle diameters, and some of such 
25 particles are in industrial production. These particles, however, have a relatively large average particle diameter. Pro- 
duction of particles having uniform and smaller particle diameters involves problems to be solved and requires a higher 
production cost. 

[0006] The research by the present inventors revealed that in producing a biaxially oriented polyester film of flat sur- 
face using the above-mentioned inorganic particles or crosslinked polymer particles, the running property of a film can 

30 be increased to a certain degree but tiie film can not be wound into a film roil in a good form in some cases and that 
this problem (a film roll in an inferior form) is more serious in using crosslinked polymer particles of uniform particle 
diameters and is invited by the shifting of film toward left or right in high-speed winding of the film to cause uneven sides 
of film roll. The reason fbr the problem is presumed to be tiiat tiie protuberances on tiie film surface have relatively uni- 
form heights and tiiis allows air to be trapped between film layers when the film is wound into a film roll. In order to 

35 obtain a film roll of good form having even roll sides, it is therefore necessary to minimize tiie amount of air intake and 
further to permit easy removal of the ti'apped air from between film layers. 

[0007] In order to achieve the easy removal of trapped air from between film layers, it is effective that the protuber- 
ances on film surface are allowed to have nonuniform heights by using particles having a relatively wide distribution of 
particle size. In this respect, the above-mentioned inert inorganic particles are superior to crosslinked polymer particles 

40 having uniform particle diameters. The inert inorganic particles, however, contain coarse particles, allowing the protu- 
berances on film surface produced by such coarse particles to have too large heights, and as a resuK. the flatness of 
film surface is lost. This brings about reduction in electromagnetic conversion characteristics when tiie formed film is 
made into a magnetic tape, or the protuberances produced by tiie coarse particles cause drop-out. TTius, the increasing 
demands fbr high quality polyester film can not be satisfied by use of inert inorganic particles. 

45 [0008] The present inventors made an extensive research in order to develop a biaxially oriented polyester film 
which is free from tiie drawbacks of conventional inert Inorganic particles or crosslinked polymer particles and which 
has a flat surface having a small number of large protuberances and, in high-speed winding, generates neitiier wrinkle 
nor unevenness of film roll sides. As a result, it has been found tiiat such a film can be obtained by allowing a biaxially 
oriented polyester film to contain an appropriate amount of particles of particular shape obtained by grinding 

50 crosslinked polymer particles having a particular particle size distribution ratio and a particular average particle diame- 
ter. This finding has led to the present invention. 

Summary of tiie Invention 

55 [0009] The object of the present invention is to produce a biaxially oriented polyester film having (1 ) a flat surface 
having a small number of large protuberances and (2) excellent winding property at a high-speed. 
[0010] According to the present Invention, tiie above object can be achieved by a biaxially oriented polyester film 
formed of a polyester containing 0.01 to 5% by weight of crosslinked polymer particles characterized by: 
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(1) having a particle size distribution ratio (y) of 1 .3 to 3.5, 

(2) having an average particle diameter of 0. 1 to 2 urn. 

(3) having a non-circularity of 3.4 or more, and 

(4) having a standard deviation of non-circularity, of at least 0.16. 

5 

Detailed Description of the Invention 

[0011 J The biaxially oriented polyester film of the present invention is hereinafter described in detail. 

[001 2] In the present invention, the polyester constituting the film is preferably a polyester containing, as tiie main 

10 recurring unit, an alkylene terephthalate unit or an alkylene naphthalate unit. 

[001 3] Of the above polyester, particularly preferred are polyetiiylene terephtiialate, polyetiiylene 2,6-naphtiialate. 
and a copolyester formed from a dicarboxylic add component at least 80 mole % of which is terephthalic acid or 2,6- 
naphthalenedicarboxylic acid and a glycol component at least 80 mole % of which is etiiylene glycol. In the copolyester, 
the other dicartx)xyllc acid occupying less than 20 mole % of tiie total acid conponents is an aromatic dicartoxylic acid 

15 other tiian terephthalic acid and 2,6-naphthalenedicart)0xylic acid; an aliphatic dicartx)xylic acid; or an alicyclic dicarbo- 
xylic add. Specific examples of the other dicarboxylic add are aromatic dicartx)xylic adds such as isophthalic add, 
biphenyldicarboxylic add, diphenyl ether dicarboxylic add, diphenytethanedicarboxylic add, diphenylsuif6ne<licattx)x- 
ylic add, diphenyl ketone dicarboxylic add and the like; aliphatic dicarboxylic acids such as adipic acid, sebadc acid 
and the like; and alicydic dicarboxylic acids such as cydohexane-1,4'dicarbQxylic add and the like. The other glycol 

20 occupying less tiian 20 mole % of the total glycol components can be a glycol oti^er than ethylene glycol. Specific exam- 
ples of the other glycol are aliphatic glycols such as trimethytene glycol, tetramethylene glycol, pentamethylene glycol, 
hexamettiylene glycol, decamethylene glycol and tiie like; alicydic glycols such as cyclohexanedimethanol and the like; 
aromatic diols such as hydroquinone, resorcin, 2,2-bis(4-hydroxyphenyl)propane and the like; aliphatic diols such as 
1 ,4-dihydroxymethyibenzene and the like; and polyalkylene glycols such as polyethylene glycol, polypropylene glycol, 

25 polytetrametiiylene glycol and the like. 

[0014] The polyester of tiie present invention includes also a polyester which contains a component derived from 
an Qxycarboxylic acid such as aromatic oxyacid (e.g. hydroxybenzoic acid), aliphatic oxyacid (e.g. co-hydroxycaproic 
acid) or ttie like. In an amount of 20 mole % or less based on tiie total amount of tiie dicarboxylic add components and 
the oxycarboxylic acid component. The above component derived from oxycarboxylic acid may be a unit of a copolyes- 

30 ter or may be bonded to a polyester. 

[001 5] The polyester of tiie present invention includes also a polyester obtained by copolymerizlng a polycarboxylic 
ac\6 or polyhydroxy compound having at least tiiree functional groups such as trimellitic acki or pentaerythritol in such 
a anfX)unt tiiat the polyester is substantially linear, e.g., 2 moie% or less based on the total amounts of the acid compo- 
nents. 

35 [001 6] The above polyester is known per se, and can be produced by a process known per se. 

[001 7] The polyester has an intrinsic viscosity of preferably about 0.4 to 0.8, more preferably 0.5 to 0.7, particularly 
preferably 0.55 to 0.65 as measured at SS'^C in an o-chlorophenol solution. 

[001 8] The crosslinked polymer particles contained in the polyester film of tiie present Invention have a shape char- 
acterized by: 

40 

(1) having a particle size distribution ratio (y) of 1.3 to 3.5, 

(2) having an average particle diameter of 0.1 to 2 |im, 

(3) having a non-circularity of 3.4 or more, and 

(4) having a standard deviation of non-drcularity, of at least 0.16. 

45 

[001 9] The aosslinked polymer particles are contained in tiie polyester in an amount of 0.0 1 to 5% by weight, pref- 
erably 0.01 to 3% by weight, particularly preferably 0.01 to 1% by weight. When the amount is less than 0.01% by 
weight, the effect by tiie addition of the crosslinked polymer partides is insufficient while, when the amount is too large, 
the surface flatness of film is impaired and tiie number of large protuberances increases owing to tiie stacking of ttie 
so polymer partides. Desirably, the polyester contains substantially no coarse particles having particles diameters of 2.5 
Jim or more. 

[0020] The above characteristics (1) to (4) are described in detail below. 

[0021 ] The partide size distribution ratio (y) of tiie crosslinked polymer partides is a value defined by the following 
formula. 

55 

Y=D25/D75 (i) 

wherein y is a partide size distribution ratio; D25 is an average particle diameter {jum) when the cumulative weight of 
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particles is 25%; D75 is an average particle diameter Qtm) when the cumulative weight of particles is 75%; and the 
weight cumulation is made starting from the particle of largest diameter. 

[0022] The crosslinked polymer particles contained in the polyester film of the present Invention has a particle size 
distribution ratio (y) of 1 .3 to 3.5. The value (y) implies that the polymer particles have a certain size distribution and are 
5 not uniform in size. The particle size distribution ratio (y) is preferably 1 .4 to 3, more preferably 1 .5 to 2.5. When the par- 
ticle size distribution ratio ()) is smaller than the above range, the protuberances on film surface have too uniform 
heights, allowing the film to have inferior winding property. When the ratio (y) is larger than the above range, the number 
of large protuberances derived by coarse particles undesirably increases. 

[0023] The crosslinked polymer particles have an average particle diameter of 0. 1 to 2 nm, preferably 0.2 to 1 .7 ^m, 
10 more preferably 0.3 to 1 .5 jim. When the average particle diameter is too small, the resulting film has insufficient run- 
ning property and handling properties. When the average particle diameter Is too large, the surfece flatness of a film Is 
undesirably Impaired. 

[0024] The crosslinl^ polymer particles of the present invention are obtained by grinding synthesized polymer 
particles which are relatively uniform, as described later, and are therefore noncircular and relatively nonuniform. Thus, 
15 the crosslinked polymer particles are characterized in that their particle size distribution ratio (y) and average particle 
diameter are required to be In the above ranges, and further in that they are required to have the non-circularity and 
standard deviation thereof in a particular range of values. 

[0025] That is, the crosslinked polymer particles contained in the present film have a non-clrcularlty of 3.4 or more, 
preferably 3.5 to 5 (the definition and calculation of the non-circularity are explained later). When the non-circularity is 

20 smaller than 3.4, the protuberances formed on the film surface have too uniform heights and shapes, allowing the film 
to have inferior winding property. When the non-circularity is larger than 5, the film has inferior slipperiness and has an 
insufficient number of high protuberances on the surface, whereby the winding property of the film tends to be inferior. 
[0026] The crosslinked polymer particles used in the present invention must have a standard deviation of non-cir- 
cularity, of at least 0.16. As is clear from the definition given later, the standard deviation of non-circularity indicates the 

25 scattering of non-circularities in a large number of particles. Thus, the crosslinked polymer particles used in the present 
Invention have a particular non-circularity having a particular scattering, and the scattering (standard deviation) is at 
least 0.16, preferably 0.18 to 0.50. When the standard deviation of non-circularity is smaller than 0.16, tiie grinding of 
particles Is insuffldent; consequently, the resulting film has too uniform a surface and Inferior winding property, or the 
coarse particles remaining after grinding form large protuberances on the film surface. 

30 [0027] The research by the present inventors revealed that the crosslinked polymer particles having a particular 
shape can be obtained by grinding crosslinked polymer particles having a certain shape. In the present specification, 
the particles before grinding are referred to as "crosslinked polymer particles A" or "particles A" in order to distinguish 
them from the crosslinked polymer particles contained in the polyester film of the present invention. 
[0028] The crosslinked polymer particles A desirably have an average particle diameter of 0.5 to 5 ^m, preferably 

35 0.6 to 4 \im, particularly preferably 0.7 to 3 ^m. It is appropriate to conduct the grinding of the particles A so that tiie 
average particle diameter after grinding is smaller than that before grinding by 0.1 |im or more. When the particles 
before grinding have an average particle diameter smaller than 0.5 fim and, after having been ground, are used in a 
film, it is difficult to form, on the film surface, protuberances having a size enough to impart sufficient running property 
to the film, which makes it substantially impossible to reduce tiie amount of air trapped during film winding. On the other 

40 hand, when tiie particles before grinding have an average particle diameter larger than 5 (im. coarse particles not suf- 
f icientiy ground remain even when said particles are sufficlentiy ground and, when used In a film, become large protu- 
berances on tiie film surface. 

[0029] The crosslinked polymer particles A preferably have a non-circularity of n (about 3.14) to 3.3. A non-circu- 
larity of n implies that particles having such a non-circularity are truly circular in shape. Therefore, particles having a 
45 non-circularrty of the above range are a circle or close to a circle In cross-sectional shape, in the present Invention, the 
particles A having such a non-circularity are ground to give particles having a non-circularity of 3.4 or more, and the 
ground particles are added to a polyester to obtain a particles-containing polyester film. 

[0030] Further, the crosslinked polymer particles A advantageously have a particle size distribution ratio (y) of 1 .4 
or less, preferably 1 to 1 .3, particularly preferably 1 to 1 .25. Desirably, the particles A are ground so tiiat the particle size 
so distribution ratio after grinding is larger than that before grinding by 0.1 or more. When the particles A have a particle 
size distribution ratio {H larger than 1.4, tiie proportion of coarse particles is too large and sufficient grinding of such 
particles Is difficult and. as a result, insufficientiy-ground coarse particles remain after grinding and cause large protu- 
berances in a film. 

[0031] The grinding of the particles A is preferably conducted by the use of a wet grinder such as rod mill, ball mill. 
55 vibration rod milt, vibration ball mill, medium agitating milt or the like. A medium agitating mill is particularly suitable and 
enables short-time grinding of particles. In the grinding, it is preferable to use a dispersing agent such as sodium poly- 
acrytate, sodium pyrophosphate or the like In order to prevent the reagglomeration of particles, because the effects of 
the present Invention are enhanced by the use of such a dispersing agent. 
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[0032] An example of the grinding is described specifically. The particles A as a starting material is mixed with eth- 
ylene glycol to obtain a slurry containing 5 to 20% by weight of the particles A. The slurry is fed into a vessel in which 
40 to 80%, based on the vessel capacity (volume), of a medium (e.g. glass or ceramic beads of 0.5 to 3 mm in diameter) 
has been preliminarily charged. A stirrer disk in the vessel Is rotated, whereby the medium and the slurry are moved at 
5 different speeds and the particles in the slurry are ground by the shear stress caused by said different speeds. The con- 
centratlon of slurry, the material, amount and particle diameter of medium, and the conditions of stinging (e.g. number 
of rotations and time) can be optimized experimentally depending Mpon the polymer kind and size of the particles A and 
the Intended properties of ground particles. 

[0033] The crosslinked polymer particles of the present invention can consist of any polymer as long as the above- 
10 mentioned requirements for particles are met. However, the particles are preferably soft and easily grindable. Silicone 
resin particles or aossllnked polystyrene particles are particularly preferable. The silicone resin particles and 
crosslinked polystyrene particles are described in detail below. 

[0034] The silicone resin particles have a structure represented by the following formula (A): 
15 RxSi02.x/2 (A) 

wherein R is a hydrocaiton group of 1 to 7 carbon atoms and x is a number of 1 to 1 .2. 

[0035] In the formula (A). R is a hydrocarbon group having 1 to 7 carbon atoms and is preferably an alkyi group of 
1 to 7 carbon atoms, a phenyl group or a tolyl group. The alkyI group of 1 to 7 carbon atoms may be a straight chain or 
20 a branched chain and includes, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl and 
n-heptyl. Of these groups, methyl and phenyl are preferable as R. and methyl is particularly preferable. 
[0036] In the above formula (A), x is a number of 1 to 1 .2. When x is 1 , the formula (A) can be represented by the 
following formula (A-1): 

25 RSiOi.5 (A-l) 

wherein R has the same definition as above. 

[0037] The structure of the formula (A-1 ) Is derived from the following structural unit of the three-dimensional poly- 
mer chain structure of silicone resin. 

30 

R 

I 

0 

35 I 
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[0038] When x is 1 .2, the formula (A) can be represented by the following formula (A-2): 

Ri.2Si0i.4 (A-2) 



wherein R has the same definition as above. 

[0039] The structure of the formula (A-2) can be considered to consist of 0.8 mole of the structure of the formula 
45 (A-1) and 0.2 mole of a structure represented by the following formula (A-3): 

RaSiO (A-3) 

wherein R has the same definition as above. 
50 [0040] The structure of the formula (A-3) is derived from the following structural unit of the three-dimensional poly- 
mer chain structure of silicone resin. 

R 

55 -o-ii-o- 

R 
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[0041 ] As is appreciated from the foregoing description, the structure of the formula (A) consists substantially of the 
formula (A-1) structure alone, or consists of a structure wherein the (A-1) structure and the (A-2) structure are kx)nded 
randomly at certain proportions. 
5 [0042] The silicone resin particles are preferably such that x in the formula (A) is 1 to 1 . 1 . 

[0043] The crosslinked polystyrene particles can be obtained by dispersion-polymerizing (1) a styrene type mono- 
mer such as styrene, methylstyrene. a-methylstyrene. dichlorostyrene or the like, (2) at least one monomer selected 
from conjugated diene monomers (e.g. butadiene), unsaturated nitrile monomers (e.g. acrylonitrile), methacrylic acid 
ester monomers (e.g. methyl methacrylate). functional monomers (e.g. unsaturated cart)oxylic acid), hydroxyl group- 
to containing monomers (e.g. hydroxyethy! methacrylate); epoxide group-containing monomers (e.g. glycidyl methacr- 
ylate), unsaturated sulfonic add monomers, etc. and. as a crosslinking agent for allowing the resulting polymer particles 
to have a threeKlimensional structure, (3) a polyfunctional vinyl compound such as divinylbenzene, ethylene glycol 
dimethacrylate. trimethylolpropane triacrylate, diallyl plithalate or the like in a solvent such as lower alcohol or the like 
using a polymethacrylic acid as a dispersion stabilizer, and then removing the polymethacrylic acid adhering onto said 
15 surface by centrtfugation or dialysis using a semi-fansparent membrane, or the like. When the particles have a residual 
polymethacrylic acid on the surfaces, they are not sufficiently dispersed when added to a polyester and cause agglom- 
eration to form large protuberances on the film surface. The amount of the polymethacrylic acid remaining on the par- 
ticle surfaces is preferably S% by weight or less, preferably 3% by weight or less based on the crosslinked polystyrene 
particles. 

20 [0044] The polyester film containing the aosslinked polymer particles having a particular shape, may further con- 
tain other particles as long as the object of the present invention Is not impaired. The other particles may be any of those 
ordinarily used as a lubricant in polyester films and may be inorganic or organic particles. The appropriate amount of 
the other particles used is 0.01 to 1% by weight, preferably 0.02 to 0.5% by weight. The desirable weight ratio of the 
crosslinked polymer particles and the other particles is 100:0 to 10:90, preferably 100:0 to 20:80, particularly preferably 

25 100:0 to 30:70. 

[0045] The appropriate average particle diameter of the other particles is 0.01 to 1 .0 ^m, preferably 0.05 to 0.8 fim. 
[0046] Specific examples of the otiier particles are (1) spherical polymer particles (e.g. silicone resin, crosslinked 
polystyrene, crosslinked acrylic resin, melamtne-fbrmaldehyde resin, polyamide resin, polyimkJe resin, polyamideimide 
resin and crosslinked polyester), (2) metal oxides (e.g. aluminum oxide, titanium oxide, silicon dioxide, magnesium 

30 oxide, zinc oxide and zirconium oxide). (3) metal carbonates (e.g. magnesium carbonate and calcium carbonate), (4) 
metal sulfates (e.g. calcium sulfate and barium sulfate), (5) carbon (e.g. carton black, graphite and diamond) and (6) 
clay minerals (e.g. kaolin, clay and bentonlte). Of tiiese. preferable are silicone resin, crosslinked polystyrene, mela- 
mine-fbrmakjehyde resin, polyamkleimide resin, aluminum oxide, titanium oxide, silicon dioxide, zirconium oxkie. cal- 
cium carbonate, barium sulfate, diamond and kaolin. Particularly preferable are silicone resin, crosslinked polystyrene. 

35 aluminum oxide, titanium oxide, silicon dioxide and calcium carbonate. 

[0047] The mixing of the polyester w'rth the crosslinked polymer particles or witii said particles and the other parti- 
cles is conducted, for example, by adding tiie particles to a polymerization system before or during polymerization or 
by sufficiently kneading the particles and a formed polyester during pelletization or melt extrusion in an extruder. 
[0048] The polyester containing the crosslinked polymer particles can be made into a biaxially oriented polyester 

40 film, for example, by melting said polyester at a temperature ranging from tiie melting point Tm (°C) of tine polyester to 
(Tm + 70)*C to obtain an unstretched film having an intrinsic viscosity of 0.35 to 0.9 dl/g, then stretching the unstretched 
film in a stretch ratio of 2.5 to 5.5 monoaxially (longitudinally or transverse) at a temperature of (Tg - 10)*C to (Tg + 
70)''C (Tg is the glass transition temperature of the polyester), and stretching tiie monoaxially stretched film in a stretch 
ratio of 2.5 to 5.5 in a direction perpendicular to the direction of tiie first-stage stretching (the direction of the second- 

4s stage stretching is transverse when the direction of the first-stage stretching is longitudinal) at a temperature of Tg f'C) 
to (Tg + 70)''C. In tiiis case, the desirable area stretch ratio is 9 to 25, preferably 12 to 25. The stretching may be sinrul- 
taneous biaxial stretching or consecutive biaxial stretching. 

[0049] The biaxially oriented polyester film can be tiiermoset at a temperature of (Tg + 70)'C to Tm ("C). For exam- 
ple, a polyethylene terephthalate film is preferably thermoset at 1 90 to 230<'C. The time of thermosetting is, for exanple, 
so 1 to 60 seconds. 

[0050] The biaxially oriented polyester film of the present invention desirably has a plane orientation coefficient of 
0.14 or more, preferably 0.16 or more. 

Brief Description of the Drawing 

55 

[0051] 

Fig. 1 is a schematic illustration of an apparatus for measuring the running friction coefficient of a film. 
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[0052] In the present invention, various physical properties and characteristics were measured or defined as fol- 
lows. 



(1) Average particle diameter of particles 

5 

[0053] Particles are measured for diameters using a centrifugal particle size analyzer (Model CP-50 manufactured 
by Shimadzu Corporation). On the basis of the resultant centrifugal sedimentation curve, there is prepared a cumulative 
curve between individual particle diameters and amounts of particles having said diameters; in the cumulative curve, a 
diameter of a particle corresponding to a 50 mass percent of particles is read, and the so-read value is taken as the 
70 average particle diameter of the particles (see "Particle Size Measuring Technique (Ryukei Sokutei Gijutsu)" pages, 
242-247, 1975, issued by Nikkan Kogyo Press). 

(2) Particle size distritnjtion ratio (y) of particles 

15 [0054] Using the centrifugal sedimentation curve of particles, obtained in the measurement of average particle 
diameter of said particles, there is prepared a cumulative curve between individual particle diameters and amounts of 
particles of said diameters; from the cumulative cun^e are read (a) a particle diameter (D25) of a particle corresponding 
to a 25 mass percent of particles when the mass cumulation is made starting from the particle of largest diameter and 
(b) a particle diameter (D75) of a particle corresponding to a 75 mass percent of particles; and a value obtained by divid- 

20 ing D25 by D75, i.e. D25/D75, is taken as the particle size distribution ratio (y) of the particles. 

(3) Non-circularity of particles 

[0055] A small strip of a test piece is fixed onto a sample stand of a scanning electron microscope. An ion-etching 
25 treatment is applied to the surface of the test piece under the following conditions, using a sputtering apparatus [JFC- 
1100 ion-etching apparatus manufactured by Nippon Denshi K.K.)]. Tliat is, the test piece is placed in a bell-jar; the 
atmospheric pressure is reduced to a vacuum of about 10'^ Torr; and ion-etching is conducted at a voltage of 0.25 kV 
and an electric current of 12.5 mA for 10 minutes. Then, using the same apparatus, gold is deposited, by sputtering, on 
the surface of the resulting test piece. Thereafter, the surface is observed using a scanning electron microscope at a 
30 magnification of 20.000. In the obsen^tion, each of at least 100 particles selected at random is measured for circum- 
ferential length (L) and diameter (R) as the diameter of a circle converted from a projected area, using Luzex 500 man- 
ufactured by Nihon Regulator Co.. Ltd. By applying the L and R to the following formula, tiie non-circularities of the 
selected particles are calculated, and the average of said non-circularities is taken as the non-circularity of the particles 
contained in the film. 

35 

Non-circularity = [circumferential lengtii(L)]/ [diameter (R) of circle converted from projected area] 

(4) Standard deviation of non-circularity 

40 [0056] The standard deviation of tiie non-circularity of at least 1 00 particles obtained In the above (3) is calculated 
using the following formula. 



n 



45 i_i 

Standard deviation = j| ^ 



wherein 

50 

s non-circularities of individual particles. 
^ B average of the non-circularities of Individual particles, and 
n = number of particles 

55 (5) Coarse particles In film 

[0057] The same test piece as used in the measurement of non-circularity in the above (3) Is subjected to the same 
pretreatment as in the above (3). A 1-mm^ area of tiie resulting test piece is observed using a scanning electron micro- 
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scope at a magnification of 5,000 to 10,000. In the observation, the number of particles each having a length of 2.5 \Lm 
or more, present in the 1 -mm^ area is counted. Based on this number, the extent of the presence of coarse particles in 
film is evaluated as follows. 

5 Evaluation 

[0058] 

O * The number of particles each having a length of 2.5 |xm or more is 0 (zero). 
10 a: Ihe number of particles each having a length of 2.5 fim or more is 1 to 1 0. 
X: TTie number of particles each having a length of 2.5 iim or more is 1 1 or larger. 

(6) Plane orientation coefficient of film 

15 [0059] A film is measured for refractive indexes in three directions at 25''C at a relative humidity of 65%, using Na 
D line (589 nm) as a light source and ethylene iodide as a mounting liquid. The plane orientation coefficient of the film 
is calculated from the refractive indexes, using the following formula. 

Plane orientation coefficient « [(n u^o-^n j^)f2] - n 2 

20 

wherein 

n^D = refractive indec of film in longitudinal direction, 
n-pQ = refractive index of film in transverse direction, and 
25 nz = refractive index of film in thickness direction. 

(7) Surface roughness (Ra) of film 

[0060] A film is measured for centerline average roughness (Ra) according to JIS B 0601 by means of a needle- 
30 contact type surface roughness tester (Surfcorder SE-30C supplied by Kosaka Laboratory Ltd.). The measurement 
conditions are as follows. 

(a) Radius of contact needle top: 2 fim 

(b) Measurement pressure: 30 mg 
35 (c) Cut-off: 0.08 mm 

(d) Measurement length: 1.0 mm 

(e) Reporting of measurement data: One sample is measured five times. The largest measurement value is 
excluded, and Ra is expressed in terms of the average of the remaining four measurement values. The average is 
indicated down to four places of decimals by, at the fifth decimal place, counting fractions of 5 and over as a unit 

40 and disregarding the rest. 

(8) Non-defective ratio of film when wound into rolls 

[0061 ] The non-defective ratio of film when wound into rolls is indicated as the percentage of non-defective film rolls 
45 when a film of 500 mm in width and 4,000 m in length is wound into 1 00 rolls. In this case, "non-defective film roll" refers 
to a film roll having neither wrinkle nor small protuberance and being uniform at the sides. 

(9) Number of large protuberances on film surlace 

50 [0062] Two films are tightly adhered to each other; then, a Na monochromatic light is applied thereto; a 100-cm^ 
area of the adhered film surface is observed using a stereomlcroscope; the number of protuberances of two rings (0.58 
jjim) or more appearing correspondingly to the heights of protuberances is counted and taken as "number of large pro- 
tuberances" present on the film surfece. 

55 (1 0) Intrinsic viscosity [n] 

[0063] Is a value measured at 35''C using o-chlorophenol as a solvent. The unit is 100 cc/g. 
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(1 1) Running friction coefficient of film 

[0064] A film is measured for running friction coeff idem, using an apparatus shown in Rg. 1 , in the following man- 
ner. 

5 [0065] In Fig. 1 , numeral 1 indicates a supply reel; numeral 2 indicates a tension controller; numerals 3, 5, 6, 8. 9 
and 1 1 indicate free rollers; numeral 4 indicates a tension detector (inlet); numeral 7 indicates a fixed pin made of stain- 
less steel SUS 304 (outer diameter » 5 mm0, surtace roughness Ra - 20 nm); numeral 10 indicates a tension detector 
(outlet); numeral 12 indicates a guide roller; and numeral 13 indicates a wind-up reel. 

[0066] Under an environment having a temperature of 20''C and a humidity of 60%, a film is allowed to run (frlction- 
10 ally) at a rate of 200 cm/minute in contact with the fixed pin 7 at an angle 8 = (152/180) n radian (152*). When a tension 
at the inlet is adjusted to 35 g with the tension controller 2 and the film runs 90 m, a tension T2 (g) at the outlet is 
detected with the outlet tension detector, and the running friction coefficient )ik of the film is calculated using the follow- 
ing fomiula. 

IS jik = (2.303/e)log(T g/T ^ ) = 0.868log(T 2/35) 

[0067] The present invention is hereinafter described in more detail with reference to Exanples. In the Examples, 
parts refer to parts by weight 

20 Example 1 

[0068] There were used, as the crosslinked polymer particles A, silicone resin fine particles having an average par- 
ticle diameter of 1 .4 ftm. a particle size distribution ratio (^ of 1 . 1 and a non-circularity of 3.2. 1 00 parts of the fine par- 
ticles were mixed with 5 parts of sodium pyrophosphate and 895 parts of ethylene glycol. They were mixed and 
25 dispersed for 5 minutes using a desktop mixer (MX-M3 manufactured by Matsushita Electric Industrial Co., Ltd.) to 
obtain a slurry Then, the slurry was subjected to a wet-grinding treatment using a sand grinder (SGL-1/4G manufec- 
tured by Igarashi Kikai), under the following conditions. 

Medium: glass beads of 0.8 mm in diameter 
30 Medium amount: 500 ml 
Slurry volume: 500 ml 
Rotation: 1.800 rpm 
Treating time: 2 hours 

35 [0069] The particles in the slurries after wet-grinding treatment had an average particle diameter of 0.8 ^im, a par- 
ticle size distribution ratio {ij of 1 .5, a non-circularity of 3.5 and a standard deviation of non-circularity of 0.19. 
[0070] Then, 100 parts of dimethyl terephthalate, 60 parts of ethylene glycol and manganese acetate as an ester 
interchange catalyst were subjected to an ester interchange reaction. Just before the completion of the reaction, 5 parts 
of the above-obtained slurry after wet-grinding treatment was added to the reaction mixture. 

40 [0071 ] There were further added antimony trioxide as a polymerization catalyst and phosphorous acid as a stabi- 
lizer, and the mixture was subjected to polymerization in a conventional manner to obtain a polyethylene terephthalate 
having an intrinsic viscosity of 0.62 (this polyethylene terephthalate is hereinafter referred to as material A). The poly- 
mer contained 0.5% by weight of fine particles. 

[0072] There was also polymerized a polyethylene terephthalate containing substantially no fine particles by a con- 

45 ventional method. The polymer was made into pellets. 

[0073] The material A was mixed with the polyethylene terephthalate pellets containing substantially no fine parti- 
cles, whereby the material A was diluted so as to have a particle concentration shown in Table 1 . The resulting material 
was dried at 170'C for 3 hours, then fed into an extruder hopper and melted at 280 to SOCC. The molten polymer was 
subjected to extrusion through a 1-mm slit die to obtain a 200-Mm unstretched film on a rotating cooling drum having a 

50 surface finish of about 0.3 s and a surface temperature of 20''C. 

[0074] The unstretched film was preheated at 75°C and heated, between a low-speed roll and a high-speed roll, 
using an IR heater having a surface temperature of 900''C. provided 15 mm above the film, to stretch the film 3.6 times 
longitudinally The film was then rapidly cooled and fed into a stenter to stretch the film at 1 05''C 3.7 times transversely 
The resulting biaxially oriented film was thermoset at 205''C for 5 seconds to obtain a thermoset biaxially oriented pol- 

55 yethylene terephthalate film having a thickness of 1 5 ]irr\. 
[0075] The properties of the f flm are shown in Table 1 . 

[0076] The film had a flat surface (surface roughness Ra » 0.022 ^m), a high non-defective ratio of 98% when 
wound into rolls, and a very small number (one) of large protuberances. 
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[0077] Thus, a film having a flat surfoce, excellent winding property and a small number of large protuberances can 
be obtained by allowing the film to contain a particular amount of fine particles having a particular average particle 
diameter, a particular particle size distribution ratio, a particular non-drcularity and a particular standard deviation of 
non-circularity. 

5 

Examples 2 and 3 

[0078] The procedure of Example 1 was repeated except tiiat the particles A used in Example 1 were replaced by 
particles shown In Table 1 , whereby polyetiiylene terephthalate films were obtained. 
10 [0079] These films had a flat surface, excellent winding property and a small number of large protuberances. 

Examples 4 to 7 

[0080] The procedure of Example 1 was repeated except that the particles A used in Example 1 were replaced by 
15 particles shown in Table 1 and, as other particles, tiiere were used particles also shown in Table 1 . whereby polyethyl- 
ene terephthalate films were obtained. 

[0081] These films also satisfied all of tiie flat surface, high non-defective ratio when wound into rolls, and smalt 
number of large protuberances. It is appreciated tiiat tiie presence of otiier particles in addition to the fine particles 
obtained by grinding particles A does not impair ttie effects of the present invention. 

20 

Examples 8 and 9 

[0082] The procedure of Example 1 was repeated except that ttie dimethyl terephthalate used in Example 1 was 
replaced by tiie same moles of dimetiiyl 2,6-naphthalate and there were used particles A and other particles shown in 
25 Table 1 , whereby pellets of polyethylene 2.6-naphtiialate were obtained. 

[0083] The polyetiiylene 2,6-naphthalate pellets were dried at 170*'C for 5 hours and then subjected to melt extru- 
sion at 300°C. Each extrudate was rapidly cooled and solidified on a casting drum kept at GO'C to obtain 200-^m 
unstretched films. 

[0084] The unstretched films were preheated at 120''C, and heated, between a low-speed roll and a high-speed 
30 roll, using an IR heater having a surface temperature of 950*C, provided 15 mm above tiie film, to stretch tiie film 3.6 
times longitudinally Each of the films was then rapidly cooled and fed into a stenter to stretch the film at 1 25^0 3.7 times 
transversely. Each of tiie resulting biaxially oriented films was thermoset at 215^0 for 10 seconds to obtain thermoset 
biaxlally oriented polyethylene 2,6-naphttialate films having a thickness of 15 ^m. 

[0085] The properties of the films are shown in Table 1. The films according to the present invention, even when 
35 using different polyesters, had a flat surface, excellent winding property and a small number of large protuberances. 
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Comparative Example 1 

[0086] The procedure of Example 1 was repeated except that there were used, as the crosslinked polymer particles 
A. silicone resin particles having an average particle diameter of 0.8 |im, a particle size distribution ratio (y) of 1.1 and 
a non-circularity of 3.2 and that said particles were used without being ground, whereby a biaxially oriented polyethyl- 
ene terephthalate film was obtained. 

[0087] The properties of the film are shown in Table 2. The particles used in this Comparative Example had the 
same average partide diameter as the fine particles used in Example 1, obtained by grinding particles A. but had a 
sharp particle size distribution and were used without being ground. Therefore, the film using the particles had too uni- 
form protuberances on the surface and had inferior winding property. 

Comparative Example 2 

[0088] The procedure of Example 1 was repeated except that there were used, as the particles A, crosslinked pol- 
ystyrene particles having an average particle diameter of 0.8 iim, a particle size distribution ratio (y) of 1 .2 and a non- 
circularity of 3.2, whereby a biaxially oriented polyethylene terephthalate film was obtained. 
[0089] The film had inferior winding property similarly to the film of Confparative Example 1 . 

Comparative Example 3 

[0090] The procedure of Example 1 was repeated except that the particles A were replaced by calcium cart>onate 
having an average particle diameter of 0.8 fim, a particle size distribution ratio (7) of 2.8 and a non-drcularity of 3.7 and 
that the caidum carbonate was used without being ground, whereby a polyethylene terephthalate film was obtained. 
[0091 ] The film had superior winding property but contained a large amount of coarse particles and had, on the sur- 
face, a large number of large protuberances derived from the coarse particles. 

Comparative Examples 4 to 8 

[0092] The procedure of Example 1 was repeated except that particles shown in Table 2 were used as the particles 
A and other particles, whereby polyethylene terephthalate films were obtained. 

[0093] In Comparative Example 4, since the particles A had too large an average particle diameter before grinding, 
a large awouvX of unground coarse partides remained even after grinding, resulting in the presence of a very large 
number of large protuberances on the film surface. 

[0094] In Comparative Example 5, since the particles A had too small an average partide diameter before and after 
grinding, the protuberances on the film surface had no sufficient heights and the film had inferior winding property. 
[0095] In Comparative Example 6, since the grinding was insufficient, the protuberances on the film surface had rel- 
atively uniform heights and the film had inferior winding property. 

[0096] In Comparative Example 7, since the amount of the ground partides A added was too small, the film had 
inferior running property and it was impossible to wind the film into good film rolls. 

[0097] In Comparative Example 8, since caidum cartionate particles containing a large amount of coarse particles 
were used after having being ground, the film had a very large number of large protuberances on the surface. 
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50 [0098] According to the present invention, a biaxially oriented polyester film having (1) a flat surface having a small 
number of large protuberances and (2) excellent high-speed winding property can be provided in a lower cost by allow- 
ing the film to contain crosslinked polymer particles having a particular particle size distribution ratio, a particular aver- 
age particle diameter, a particular non-circularity and a particular standard deviation of non-circularity. The film has 
excellent properties for use as a base film for magnetic recording media. 

55 

Claims 

1 . A biaxially oriented polyester film formed of a polyester containing 0.01 to 5% by weight of crosslinked polystyrene 
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resin particles characterized by: 



(1 ) having a particle size distribution ratio {ij of 1 .3 to 3.5, 

(2) having an average particle diameter of 0.1 to 2 jim, 

(3) having a non-circularity of 3.4 or more, and 

(4) having a standard deviation of non-circularity, of at least 0.16, said crosslintod polystyrene resin particles 
being obtained by grinding aosslinked polystyrene resin particles having a non-drcularity of n to 3.3. 

2. The polyester film set forth in claim 1 . wherein the crosslinked polystyrene resin particles contain no coarse parti- 
cles having particles diameters of 2.5 or more. 

3. The polyester film set forth in daim 1 , wherein the crosslinked polystyrene resin particles have a particle size dis- 
tribution ratio (y) of 1 .4 to 3. 

4. The polyester film set forth in daim 1 , wherein the crosslinked polystyrene resin partides have an average particle 
diameter of 0.2 to 1.7. 

5. The polyester film set forth in daim 1 . wherein the crosslinked polystyrene resin particles have a non-circularity of 
3.5 to 5. 

6. The polyester film set forth in claim 15 wherein the crosslinked polystyrene resin partides have a standard devia- 
tion of non-drcularity, of 0.18 to 0.3. 

7. The polyester film set forth in claim 1 , wherein the crosslinked polystyrene resin partides are obtained by grinding 
crosslinked polystyrene resin particles having an average partide diameter of 0.5 to 5 ^m so that the average par- 
ticle diameter after grinding is smaller than that before grinding by 0.1 fim or more. 

8. The polyester film set forth in daim 1 , wherein the polyester further contains 0.01 to 1% by weight of inorganic or 
organic particles having an average partide diameter of 0.01 to 1 .0 )im. 

9. The polyester film set forth in daim 1 , having a plane orientation coefficient of 0.1 4 or more. 

10. The polyester film set forth in claim 1 , wherein the polyester has an ethylene terephthalate unit as a main recurring 
unit. 

1 1 . The polyester film set forth In claim 1 , wherein the polyester has an ethylene 2,6-naphthalenedicartx)xylate unit as 
a main recurring unit. 
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FIG. I 
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